! LA‘-un-ao-s% CONL. §oodr7--]

TITLE: HOW CAN ENERGY=EFFICIENT STRUCTURES COMPETE IN AN
INEFFICIENT ENERGY MARKET

AUTHOR(S): SCOTT WOLL, S-2, LASL

MASTER

SUBMITTED TQ: Institute for Gas Technology Cnnference on Future o
Alternatives in Residential and Commercial Space Conditioninc
Chicago, IL, April 14-17, 1980

DISCLAMAA —

By sceeprance of 1his articio, the publisher recognizes that the
US. Governmant reiains 8 nonaxclusive, toyalty-lree licere
to publish or raproduce the pubhshed forim ¢f this contriby:
tion, or 1o allow othern to do so, for U.S, Goverrenent pur.
P0seS

The Las Alamos Scaintific Laboratary requests that the pub-
hsher wiontity this srucle as work pertormed uncier the sus-
imem of the US Dopartment of Ennrgy.

A
C
| 58
O

“—

©

&

(-
@
P
>
78]
| Y.
QO

2
C

-

LOS ALAMOS SCIENTIFIC LABORATORY

Post Office Box 1663 Los Alamos, New Mexico 87545
An Affirmative Action/Equal Opportunity Empioyer \
ALY
UISTBUTION OF THIS GUCUMENT I8 u:.'l.:.'.'.;;-..f /

Form No, Hi6 1

UNITLD RTATES
L I VA T 1)


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


HOW CAN ENERGY EFFICIENT STRUCTURES COMPETE
IN AN INEFFICIERT ENERGY MARKET?

HUMAN SETTLEMENT PATTERNS AND ENERGY CONSUMPTION:
AN HISTORICAL PERSPECTIVE

Shelter as a Basic Necessity and Traditional Design Solutions

A common premise is that food, clothing, and shelter comprise the
basic necessities of survival, Accepting this basic premise as a de~
parture point, one can hypothesize many interesting relationships among
the three necessities as they relate to human physiology and thermal
cowfort.

The thermal sensation experienced in a given en-
closure is a function of several envirommental and
physiological parameters. Among those parameters
are the relative humidity, the relative wind speed,
the insulative value of occupant clothing, the oc-
cupant activity level, the vapor diffusion rats
from the skin , the air temperature (dry bulb), and
the mean radiant temperature. The mean radiant
temperature is defined as the uniform temperature
of black surroundings which will give the same
radiant heat loss from a person as the actual case
under study. It is helpful to think of mean radiant
temperature as an average effective interior surface
temperature,{16)

Although the issues of human comfort are complex, one must remember
that the relationships between comfort, physiological factors, and
environmental conditions (including locally available resouices) have
provided a dominant force in shaping building architectursl styles
scross the globe for centuries.(11,12) Thue, for example, the shelter
design solutions implemented by inhabitants of a hot arid climate have
traditionally been quite different from those implemented by inhabi-
tants or & subzero polar region, or a hot humid tropical zone.

In an attempt to provide acceptable levels of therma! comfort,
iniividua's not only edjusted shelter styles and clothing materials
but made use of locally available fuel and non-fuel resources for the
purposes of heating and cooling to help regulate comfort conditions.
Puel resources included wood, other plant wmatter, dung, and animal
oile while non-fuel resources included wind induced ventilation, stack
effect ventilation, radiative and evaporative cooling, solar radiation
with thermsl wass otorage, underground or earth contact habitats,
thermal insulation with indigenous wat:irisle, aud so forth, Thus,
there is a large body of historical experience that reinfurces the
notion of climate adaptive architecture in responding to the basic
need of human shelter.(14) Why is it then, that we find ourselves
consuming incredibly large amounts of nonrenawable snergy to condition
and operate the built environment that has emerged ia the past several
generations {n the United States, when in fact, architectural atyling
and use of indigenous resources had baen used to condition structures
for centuries?



The Impacts of the Cheap Enmergy Era (1859-1973)

The answer to the above question is attributable to the relation-
ships betuveen our economic system, the pattern of human settlement in
the United States, technological development and the initial endowment
of abundant fuel resources spread acrosts the United States.

Although the United States has witnessed many changes in the domi-
nance of various energy supplies and the pattern of energy consumption
over the past two centuries,(13) the large aajority of structures that
comprise the current residencial and cowmmercial building stock were
constructed during the Post WWI cheap energy ers dominated by petroleum
and natural gas. Becsuse of the sbundance and low cost of these energy
resources, buildings were not designed to be energy efficient. Space
conditioning, water heating, daylighting and appliance ussge costs
represented an insignificant portion of total building operating costs,
s0 no incentive existed to increase equipment efficiency or upgrade
thermal envelope construction techniques for energy conservation.
Indeed, the substitution of energy for conservation and climate respon-
sive design was not even an issue to be dealt with since individuals
were making economically rational decisions under the unique set of
conditions that prevailed.

Many policies of the federal government between 1930 and 1970
either directly or indirectly contributed to the increased energy use
intensity in btuildings. The feders: interstate highway program facil-
itated the incredible growth in the automotive and trucking industries
and reinforced the trend toward separatirn of living areas and working
areas through induced suburbanisation. Highly centralized urban cen-
ters were replacad by lower density communities in new growth rreas,
thereby stimulating the construction of relatively high energ; use
single family detached residences throughout the country.

In addition, energy policies of the United States were aimed at
promoting the development of cnargy resources to spur sconomic growth.
According to a study by Battelle Pacific Northwest Laboratories (4),
“In the years since 1918 the federal government has expended $123.6 to
$133.7 billion for incentives to stimulate energy production." Bixty
percant of this total went to oil, 13X tn nuclear, i2% to nacural gas,
10 to hydro, and 5% to coal. The impact of such incentives has baeen
to promote the use of more energy at lower cost than what might other-
wise have been the case. Indirectly thie stimulated the developaent
of an enurgy supply and distridbution s, tem that removed responsibility
for providing building energy demands awvay from individuale to more
centralized energy producers and distridutors. A good example of this
tranaition was the development of s fairly large residential thermo-
siphon solar water heater market in Florida and Bouthern Cali‘fornia in
the early 1900's. These systems worked very well but were eventually
displaced by water heaters supplied by cheap natural gas through pipe-
line distribution networke. Largely dus to economic reasons, docen-
tralised space conditioning vechniques have been replaced by equijment
that depends upon centrally supplied energy sources.

Coincident with the development of the oil and gas industries vas
the grovth of elactric utilities. From the end of World War II to the
aarly 1970's, the cost of providing neaw ganerating capacity continually
declined in real terms dus to more efficient plant designs, govermmunt
incentiveas, and economies of scalu realimed by constructing larger
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units. The demand for consumer durables increased rapidly through the
1950's and 60's and electrical appliances of all types were introduced
into the residential dector for entertaimment convenience, ana labor
saving purposes. Electric space heating, water heating, and air
conditioning also entered the uarketplace, and viritually the entire
depand for iilumination was provided by incandescent, fluorescent, and
neon lighting.

Populstion growth coupled with low dansity settlement patterns and
government policy used tH stimulate energy production has left us with
a buildings inventury responsible far over 30X of total U.8. energy
consumption. Cleariy, the potential axists to reduce a sizeable por-
tion of tuilding anargy demands through conservation, improved equip-
ment efficiency, and solsr energy techniques., Howeve., privat. sector
decisionmakers ir the buildings sector have been slow to pursue vigor-
ous energy suving measires. The reasons for this involve a complex
set of political, economic, irstitutional and legal factors that are
discussed in the next section.

STRUCTURE OF THE RESIDZNTIAL AND COMMERCIAL
LUDILDINGS SECTOR AND THE ROLE OF EXTERNALITIES

The difficulty of shifting our energy resource bsse from depletable
nonrenevable energy supplies to abundant ronewsble energy sources lies
in the conflict among individuals, private sector businesses, and
fo verrment entitims. The nature of thede conflicts stems from the
fact that each of these groups of decisionmakerc has different priori-
ties, responds to differen. signal' existing in the marketplace, and
beliaves to maintain or improve its own position often at the expense
of the position of cthers.

A factor that further intensifies these conflicts is the overvhelm-
ing number of extu.nalities created by the sctions of each of the
decisionmaking mroups: an externality is said to occur when the action
of one party has a direct or iudirect impact (positive or negative) on
the welfare of othere. 1In addition, resource allocation problems are
compoundad by "market failurce." (1)

Residential Sector

Retrofit. The foliowing may eerve as an illustrative example.
Soymour Bunshine owns a home in a rura' community and {e coneidering
an investnent to upgrade the envolope of his home through energy con-
sarvation measures. Ir adiition, he would like to undertake some solar
retrefit with an attached ecunspace and a domestic snlar hot water
heater. However, Mr. Bunshine {u reluctant to pursue any of these
{nvestwenty bacause he pays fairly low energy bills for :atural gas
and may have trouble financing rhe necessary home improvement loen due
to his other dcbts (home mortgage, car, {nsurance, etc.) and the high
cost of borruvsed money.

What Mr. Sunahine does not realize is that his decision can have a
dirert impact on his local community and indirectly upon the national
economy. 1If he continues to consume large 2aounts of natural gas, he
{s in effect transferring money from his pocket directly to the pocket
of his utiil:y (sssumed to ba apart from the city). The utility in
turn geanerates Jom¢ jobe within the community with an aseocciated in-
come, but by and large, the majority of the income tranefer goes to



holders of the utility's bonds and equity (in the form of debt repay-
ment or return on equity) and to gas suppliers (producers and inter-
state distributors). If Mr. Sunshine doas make the energy conserving
investments he will asupport local contractors who will use local labor
and perhaps some locally supplied (but not necassarily produced) prod-
ucts and ha will generate additional incoms (tax free) for himself
through fuel savings. In turn, he wiil reepend a portion of these
savings within the community and make the loan payments through a local
banking eatablishment (this does not imply that all of the loan funds
ara generated locally). To the extent that the vilue of fuel savings
excasdes the loan payments, Mr. Bunshine is better off and additional
income is generated within the local economy. If these invectments
were to be made by a large portion of the community resideunts, a sig-
nificant direct and indirect spending offect could be generated within
the community.

Howaver, as mentioned earlier, the individual may face cheap crergy
prices in his community. In the case of heating oil, natural gas, and
electricity the residential or commercial consumer only paya the aver-
age cost of energy. That is, the utility charges the consumer accord-
ing to a weighed average of the cost of energy supplies that are
generatad or supplied at various historical costs. Up until 1970,
additional ircrements to electric generating capacity could be supplied
at costs below previous increments. In this situaticn, the average
cost of aelectrical energy declined in real {(inflation free) terms.
Rowever, after 1979, the economies of scale in lacge power plant com—
plexes began to reverse, ind each additional iucrement to genarating
capacity cost more than previous increments. 1In thie situation, aver-
age coats vhich are charged to the consumer include the cheaper gener-
asting unite built in the past. Thie means that Mr. Sunshine would be
paying electricity rates that are cheaper than if costs were based
upon replacement or new wmarginal generating capacity. 1In summary,
electric utilities are faced with marginal cost reqiirements, wheraas
individuals are charged the lovaer average corts.

Interstate natural gas and heating oil costs c£lso are subject to
this disparity. Interatate gas prices sre determined from a2 weighed
average of gas supplies, the weighte determined by tlie specific mix of
the gae vintages. Vintage refars to the year in which gas came into
production from a particular well. Walls of an older vintage are al-
loved lower maximum ceiling prices, whareas newar walls have been al-
lowad higher celling prices presumably because the cost of production
({ncluding discovery) per unit of gas extracted has increased. The
nama eituation exiete for domestic petroleum production; howaver, geo-
grahic inequities lergely were elfminated through the aentitlemants
program which aequaiisvs the costs of lowar oriced douvestic eources
with higher priced imports to refinure In various locatione,

The use of average costing {mplies thet tha consuser will compare
the average coasts of a conventional fuel source with the murgiual cost
of a ranevable energy source such as solar. A facto- that further
aggravates the discrepancy {3 that the aversge conveniional fuel cost
fncludes many direct and indirect osubsidies through R&D programs,
depletion allowances, and numerous tax accounting lawe., Togetuer these
two effects cause consumers to make individual ctoices that sften are
at odde with the general wlfare of the community, state, cor nation a4
a vhole.



Additional uncertainties also discourage homeswners from making
potential energy conserving retrofit investments. A partial list would
includes

e uncertainty as to the impact of the addition or improvement on
the resale value of the home

e uncertainty as to the availability of qualified service person-
nel in the event of a system malfunciion (primarily active
solar)

¢ uncertainty as to the guaranteed right to solar access in an
existing residential neighborhood

e uncertainty as to the relative costs and benefits of alternative
energy saving capitul inveatments

e uncertiinty as to the performance, reliability, and lifetime of
certain solar and energy conservation investments.

While these uncertainties are raadily identifiable by homeowners
and renters, the benefits to society as a whole from such investments
are not as apparent. TYor instance, most individuals would not consider
the benefits that accrue from a reduced reliance on foreign sources of
petroluem, an imprcved balance of paymenta, a stronger U.8. dollar in
foreign exchange markets, mitigaticn of further enviromnmental detearior-
ation due to potential reductions in production of uncertain domestic
energy sources, incresned employment, stimulation of emall husiness
opportunities, and so forth. Unless programs are initiated at the
local, state, and federal levels to bridge the gap between the banefits
and costs of retrofit investments aec perceived by individuals on the
one hand, and society on the other, the vast energy savings potential
in the residential hnueing stock will remain unrealised for an indef-
inite period of ti =~

Ncw_ Construction. In new construction, the incentive to invest
additlonal dollar amcunts fn energy conservation techniques (ECT's)
must rest with the suppliers of the constructed buildings. The supply
side of the construction market includes developars, designers and
architects, builders and contractors, and materiale suppliers. None
of these {ndividuals wmuet pay the cost of operating the completed
building, except for situations where the developer is the ownerj this
may be true for certain multi-unit residential or commercial projects.

Hithout & series of {ncentives, mandates, building performance
standards, or soning requirements, the impetus to build energy conserv-
ing homes must come from the marketplace itself; thac {s, the builder
must perceive a demand for structures . hat conserve energy but at some
additional cost. Passive solar conceprs primarily have baen developed
{n the custom home market, where the purchaser usuaily takes an active
role in the design process and is willing tu pay the additional expense
for passive solar features. No such relationship exists {n the specu-
lative market (especially in tract home developments), so0 the buflder
must have conf{dence that solar and energy conservation innovations
will be accepted by home-buvers.



With rising energy prices, solar and conservation featnres in
residential housing are begimning to attract attention, but tle prob-
lems of =onssmer and supplier uncertainty and indifference remain.
Every energy ‘sasteful structure that is built pa!; an additional econ-
omic burden m the initial buyer and subsequert owners (admittedly,
for some, th'.s burden is only a minor concern). However, income is
draine. out >f the local economy, and reliance ¢ conventional non-
renewable enirgy sources is increased. Furthermore, each new energy
inefficient luilding may have a useful life of between 40 and 60 years
or perhaps longer. By bypassing the opportunity tc integrate conser-
vation, passi.ve, and active solar into new home construction, the only
recourse is to retrofit at some later date which is generally less
effective ani more expensive per Btu saved.

A compounding factor in the new residential construction market is
its highly disaggregated structure. Thousands of operative builders
construct n:w residential housing units throughout the country; how-
ever, the iverage builder constructs less than 30 units per year.
Competition in such & market drives builders to continue ccastruction
of succeseful designa, and to avoid the ~isks associated with new con-
cepts such as passive rolar or dual stud wall construction. Innova-
tions in the housing sector usually originate in the custom built
market, amn! if successful, eventually trickle down to the semi-custom
and speculitive tract home markets. Without the perceived demand or
proper incentives, diffusion of energy efficient designs in the new
housing market will procee at a slow rate.

Comnercial Sector

The coimercial building sector presents another unique set of cir-
cumstances. In the residential sector, the builder or general con-
tractor is usually responsible for both the envelope construction and
HVAC equipment specification. However, building design in the com-
mercisl sector has followed a characteristic pattern that disassociates
tie architect from the mechanical and electrical engineer.

Buildisgs as we have designed them in the pas. .ave
been designed essentially by four independauta:
(1) the architect who designs an envelope; (2) the
structural engineer who designs a frame to support
this envelope, with 1{ttle concern for what's in
the frame; (3) the mechanical engineer who Aeeigns
the wechnnical system which {s ostuffed into e
buildings (4) the electrical engineer who designe
his electric system and usually tha illumination,....
These really ace designed as four separate encities,
pushed all together into a common package.(7)

Unlens the rol*s of each of these independents can ba combined &t the
sarly stages of the design process, where 907 of a&ll the decieions
affecting wultimate aenergy performance are made, the chances for
constructing an energy officient commercial building are reduced
substantially.

Anocher Afsficentive to invest in higher first cost energy effi-
cient capitrl equipment and design is that the buildirg owner may
deduct asnergy costs as an operating expense from gross operating
revenies, Although this tax allowance {» mitigated to a certain axtent



by investment tax credits available for energy conservation and renew-
able resource measures, it nevertheless provides a disincentive for
higher first cost energy efficient design and construction.

PUBLIC SECTOR RESPONSIBILITY AND THE ADEQUACY
OF RECENT FEDERAL ENERGY LEGISLATION

Back to Externalities

A major theme of this paper has been that the structure of the
buildings sector is such that the cumulative impact of decisions in
the private sector is at odds with societal welfare taken as a whole.
Because of uncertainties, perceived risks, inefficieut pricing signals,
imperfect information, other market failures, and the high. degree of
disaggregation among actors in the residential and commercial building
sector, investments in znergy conservation and renewable resources are
being undertaken at a less than desirable rate. Studies that have
delved into the United States energy problem have repeatedly reiuforced
this point. In particular, these include works by Stobaugh and Yergin
(15) (Energy VYuture: Report of the Energy Project at the Harvard
Business School), Resources for the Future and the Ford Foundation
(8) (Energy: The Next Twenty Years), Lovins (9) (Soft Energy Paths),
Commoner (2,3) (The Poverty of Power and the Politics of Energy), and
resolutions set forth by the United Nstinrns Economic Commission for
Europe (6) (Human Settlements and Energy). With a consensus as strong
as these independent studies seem to indicate, what has been done by
the federal government to promote energy efficient building design in
the United States?

The National Energy Act (NEA)

The NEA was passed by the Congress on October 15, 1978 after nearly
a yoar and a half of deliberation. The act is composed of five separ-
ate bills:

The National Energy Conservation Policy Act of 1978
The Energy Tax Act of 1978

The Public Utilities Regulatory Policy Act of 1378
The Powerplant and Industrial Fuel Use Act of 1978
The Natural Gas Policy Act of 1978

A detsiled discussion of the provisions of these acts is not given
here, however, major highlights of four of the bills that impact build-
ings are outlined below.(5)

National Energy Conservation Policy Act

Utility Conservation Program for Residences

Weatherization Grants for Low Income Families ($200 million)
Solar Energy Loan Program ($100 willion)

Energy Conservation Loan Program (85 Billion)

Gravt Program for Schools and Hospitals ($900 million)

Energy Audits for Public Buildings ($65 willion)

Appliance Efficiency S:endards

Solar Demcustration Program in Federal Buildiugs .$100 million)
Conservation Requirements for Federal Buildings

Grante and Standards for energy conservation in Federally as-
sisted housing



- Pederally insured loans for conservation improvements in multi-
family housing

Energy Tax Act

- Residontial 1Insulation and Conservation Tax Credits (ap to
$300 or 15% of the first $2000 expended)

- Residential Sclar Tax Credits (passive solar excluded: income
tax credit up to $2200 covering $10,000 of expenditures)

— Business Ena2rgy Tax Credits

- Denial of Tax Benefits for New 0Oil & Gas Pired Boilers (denial
of investment tax credit and accerelated depreciation)

Public Utili*ies Regulatory Policy Act

- Rate Design Standards
~ Consideration of Rate Design Standards
- Cogeneration Ener gy Rates

Natural Gas Policy Act

- Price controls on both inter~ and intrastate gas
- Deregulation of certain gas
- Incremental Pricing to industrial users

Although many of these provisions will help stimulate energy con-
scious design in buildings, three points bear discussion.

a) Natural gas prices are still regulated according to maximum
price ceiiings by vintage type, with allowances for inflation. Givea
that the Btu equivalent of imported oil ($22/Burrel for marker crude)
is approximately $3,75/MMBtu and the highest new gas price ie
$1.75/MMBtu plus inflation, a substantial gap exists between the con-
trolled price and world market energy values. This wedge will probably
grow over time, thereby further distorting the pricing nsignals
received by building users.

b) The tax credits allowed for soiar and energy conservation are
still very low., California has implemented a 55% tax credit which
does include pavsive solar and has been & significant factor in that
state's solar commercialization activities.

¢) Low technology solar applications and energy conservation pro-
grams are receiving budget cuts in the Department of Energy's programs.
Some private sector enthusiasts might applaud this, however, it is
disconcerting to ees statements in the FYS0 United States PFederal
Budget(10) to the effect that energy conservation tax credits ares in
place and therefore D.0.E. can relinquish ite activities to private
sactor commercialisation. As stated previously, the preponderance of
externalitieas in the merketplace demands that priority be given to
increased incentives, R4D programs, information dissemiaation, design
competition, and other related activities to help stimulate the use of
conservation and renewable resources in buildinga. The existence of
meager tax credites will not, in itself, provide the impetus necessary
to realise the substantial energy savings potential in buildings.



HOW CAN ENERGY EFFICIENT STRUCTURES COMPETE
IN AN INEFFICIENT ENERGY MARKET?

The only way resources can be efficiently allocated in our market
system is if prices of resources, goods, and services properly reflect
their true value to society. However, because of (a) imperfections
in the pricing mechanisms that currently influence private sector
decisionmaking; (b) the difference in planning horizons between indi-
viduals and goverrment; and (c) the external benefits that would ac-
crue to society from energy conscious decisionmaking by individuals,
it is apparent that there exigta a substantial underinvestment in ad-
vanced conservation and renewable resource building technologies.
Even if domestic enecgy prices were deregulated to reflect world market
prices (now determined by OPEC) it is likely that underinvestment in
energy conscious design would still occur. For that reason, the only
way that energy conscious design will be implemented to the extent
warranted is if & concerted political committment is made to such a
program at the federal, state, and local levels. Such a committment
is not without preceden:. The experiences of Davis and San Diego,
California, and the Tenn¢ssee Valley Authority exemplify the extent to
which energy conservation and renewable resource development can be
carried if the political leadership and support is eatablished.

We know the technologies and design solutions for energy efficient
buildings are available today and are cost effective What remains to
be seen is whether the political leadership of the United States will
fully recognize the sensibility of a concerted conservation and renew-
able energy resource program for buildings as opposed to continued
attempts at increasing energy production to supply an eneigy
inefficient building inventory.
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